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METHOD AND APPARATUS FOR BURNING
SOLID FUELS BY RADIATIVE
COMBUSTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. provisional
patent application Ser. No. 61/660,579, filed Jun. 15, 2012,
the disclosure of which is hereby incorporated by reference
in its entirety.

FIELD

The present disclosure relates generally cooking stoves,
and more specifically to cooking stoves that can burn
briquettes made out of solid biomass.

BACKGROUND

Today, around three billion people in developing coun-
tries cook with solid biomass (e.g., wood, recycled agricul-
tural waste or urban waste). The burning of biomass in
existing cooking stoves available to those in developing
countries typically emits a significant amount of smoke,
carbon dioxide and carbon monoxide. Every day, the equiva-
lent of ten million trees is burned for cooking, while over
four million tons of carbon dioxide is released into the air.
Not only do inefficient cooking stoves harm the environment
by contributing to deforestation and global warming, the
toxic emissions released from cooking fires kills 1.6 million
people every year in developing countries.

Traditional cooking stoves used in developing countries
are generally fuel-inefficient, consuming at least twice the
necessary fuel. In fuel-scarce areas within development
countries, households will often spend up to 40% of their
income on fuel. Women may spend as much as four hours
every day collecting wood.

Moreover, cooking stoves used in developing countries
typically burn biomass as a source of energy. For example,
unprocessed wood is typically used in cooking stoves in
developing countries. Solid biomass can also be industrially
pressed into a dense briquette for use in the cooking stoves;
however, industrial briquette production uses heavy machin-
ery, such as extruders or presses, which require high power
to run, as well as capital investment and technical capacity
in terms of installation, operation and maintenance of equip-
ment, which is not readily available to those in developing
countries. Hand-pressed biomass forms low-density bri-
quettes, which typically release too much smoke when
burned using conventional cooking stoves. Low-density
briquettes typically produce a low amount of power, thereby
making this type of briquette inefficient for use in a cooking
apparatus.

Thus, what is needed in the art is a cooking stove and a
method for burn briquettes made from biomass that con-
sumes less fuel, reduces cooking time, and reduces harmful
emissions.

BRIEF SUMMARY

The present disclosure addresses this need by providing a
method and an apparatus for burning solid biomass that
reduces the amount of smoke and harmful gas emissions,
increases output power, and improves the combustion of the
briquettes used as a solid fuel in a cooking stove.
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In one aspect, provided is a method for burning biomass
briquettes, by: a) providing two or more biomass briquettes,
in which each biomass briquette has two main faces and one
or more side faces; b) arranging the two or more biomass
briquettes in one or more rows to increase heat exchange
between adjacent biomass briquettes, in which a main face
of one biomass briquette is arranged parallel to a main face
of an adjacent biomass briquette in each row, in which a
space exists between adjacent biomass briquettes in each
row, and in which the space between adjacent biomass
briquettes in each row is between 1 mm and 50 mm; c)
igniting at least one biomass briquette; and d) creating a fire
from burning the two or more biomass briquettes.

In some embodiments, the two or more biomass bri-
quettes are cylindrical briquettes, with two main faces and
one side face. In other embodiments, the two or more
biomass briquettes are rectangular briquettes, with two main
faces and four side faces.

In certain embodiments, each biomass briquette indepen-
dently has a density of less than 0.6 g/cm®, or between 0.1
g/em® and 0.5 g/cm?, or about 0.3 g/cm?>. The space between
adjacent biomass may also vary. In some embodiments, the
space between adjacent biomass briquettes is between 5 mm
and 30 mm, or between 5 mm and 15 mm.

Each biomass briquette may be independently made up of
urban waste, agricultural waste, or a combination thereof.
The urban waste may include paper, cardboard, and sawdust,
or a combination thereof. The agricultural waste may
include animal processing waste, cellulosic materials, or a
combination thereof.

In some embodiments, the method produces a fire having
a temperature of at least 500° C., at least 1000° C., or
between 500° C. and 1000° C., or between 500° C. and 800°
C., or between 500° C. and 600° C.

Provided is also a cooking apparatus that includes:

a combustion chamber;

an air inlet, in which the air inlet controls the flow of air

into the combustion chamber;

a briquette platform, in which the briquette platform is

located inside the combustion chamber;

two or more biomass briquettes, in which the two or more

biomass briquettes are arranged on the briquette plat-
form in one or more rows to increase heat exchange
between adjacent biomass briquettes in each row; and

a cooking housing, in which the cooking housing sits

above the combustion chamber.

Each biomass briquette has two main faces and one or
more side faces. In some embodiments, the two or more
biomass briquettes are cylindrical briquettes, with two main
faces and one side face. In other embodiments, the two or
more biomass briquettes are rectangular briquettes, with two
main faces and four side faces. A main face of one biomass
briquette is arranged parallel to a main face of an adjacent
biomass briquette in each row. A space exists between
adjacent biomass briquettes in each row, and the space
between adjacent biomass briquettes in each row may be
between 1 mm and 50 mm, 5 mm and 30 mm, or between
5 mm and 15 mm.

In some embodiments, the briquette platform has one or
more holes to control airflow. The apparatus may also
include a briquette tray, which may be placed on top of the
briquette platform inside the combustion chamber, and the
two or more biomass briquettes are arranged on the briquette
tray.

The cooking housing may be configured to receive a
cooking utensil selected from the group consisting of a
cooking plate, a grill, a pot, a wok, and a Dutch oven. When
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the method described above is employed, the temperature
inside the combustion chamber may be at least 500° C., at
least 1000° C., or between 500° C. and 1000° C., or between
500° C. and 800° C., or between 500° C. and 600° C.

DESCRIPTION OF THE FIGURES

The present application can be best understood by refer-
ence to the following description taken in conjunction with
the accompany drawing figures, in which like parts may be
referred to by like numerals:

FIGS. 1A and 1B depict an exemplary arrangement of
cylindrical briquettes held in place by a briquette tray, in
which the briquette tray rests on a briquette platform;

FIG. 1C depicts an exemplary briquette tray;

FIGS. 2A and 2B depict an exemplary arrangement of
rectangular briquettes on a briquette platform;

FIGS. 3A and 3B depict a side view of an exemplary
method of burning cylindrical briquettes, in which FIG. 3A
depicts the briquettes before combustion and FIG. 3B
depicts the briquettes during combustion; and

FIGS. 4A and 4B depict front and side views, respec-
tively, of an exemplary cooking stove configured to burn
briquettes based from biomass.

DETAILED DESCRIPTION

The following description sets forth numerous specific
configurations, parameters, and the like. It should be recog-
nized, however, that such description is not intended as a
limitation on the scope of the present disclosure but is
instead provided as a description of exemplary embodi-
ments.

The following description relates primarily to a method
for burning briquettes made out of biomass. In some
embodiments, the briquettes are low-density briquettes
made from biomass. In one embodiment, low-density bri-
quettes may have a density of less than 0.6 g/cm>. In other
embodiments, low-density briquettes may have a density
between 0.1 g/cm® and 0.5 g/cm®. The method described
herein can create a fire that reduces the amount of smoke and
harmful gas emissions (e.g., carbon monoxide), and
improves the combustion of the briquettes used as a solid
fuel in a cooking apparatus (e.g., a cooking stove).

FIGS. 1 and 2 depict exemplary arrangements of bri-
quettes that can be used in the method and apparatus
described herein. With reference to FIGS. 1A and 1B,
cylindrical briquettes 102 are placed in briquette tray 104,
which hold the briquettes in place for combustion. Briquette
102 has two main faces 102A and one side face 102B.
Briquette tray 104 rests on top of briquette platform 106,
which raises the briquette tray above ground level and has
one or more pores to control air flow and combustion.

The briquettes used in the method and apparatus
described herein typically include urban waste and/or agri-
cultural waste. Urban waste may include, for example,
paper, cardboard, and/or sawdust. Agricultural waste may
include, for example, animal processing waste (e.g.,
manure) and/or cellulosic materials (e.g., rice husks, corn,
corn cobb, coffee husk, sugar cane waste, pine needles, dry
leafs, or other forest waste). A combination of waste mate-
rials may also be used to prepare the briquettes.

In certain embodiments, the briquettes used in the method
and apparatus described herein may be hand-pressed. The
waste materials described above can be mixed and com-
pressed into a briquette using a briquette press or a lever
system. In some embodiments, the briquettes used herein are
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made from urban waste, for example, V5 paper, 5 cardboard,
V4 saw dust. These materials can be soaked in water for 24
hours to become soft and easy to mix, and then mixed while
wet. Once mixed, they can be placed in molds to be pressed
to expel extra water and increase density. Last, the briquettes
can be left to dry in the sun for few days to gain strength and
to minimize humidity in the briquettes.

Hand-pressed briquettes used in the method and apparatus
described herein have a lower density than other solid fuel
sources such as wood or industrial briquettes. For example,
wood has a density of about 0.6 g/cm?. Industrial briquettes
that are mechanically compressed and typically have a
density of at least 1 g/cm®. In contrast, the briquettes used
herein have a lower density. In some embodiments, the
briquettes have a density less than 0.6 g/cm’. In other
embodiments, the briquettes have a density between 0.1
g/em® and 0.5 g/cm®. In an exemplary embodiment, the
briquettes have a density about 0.3 g/cm>. It should be
understood, however, that the method and apparatus
described herein may burn briquettes made using any meth-
ods known in the art, including, for example, industrial
briquettes.

Briquette tray 104 holds the briquettes in place, so as to
increase heat exchange between adjacent briquettes within a
row, thereby improving combustion. With reference again to
FIGS. 1A and 1B, briquette tray 104 is particularly useful to
hold cylindrical briquettes in place. Briquette tray 104 may
be made of any combustion-resistant material including, for
example, cast iron, steal or ceramic.

With reference to FIG. 1C, in an exemplary embodiment,
briquette tray 104 can hold eight briquettes in two rows, in
which four briquettes are arranged side-by-side in each row.
It should be understood, however, that other exemplary
briquette trays may holder fewer or more briquettes. More-
over, briquette tray 104 may hold two or more briquettes in
one or multiple rows. The method and apparatus described
herein use at least two or more briquettes.

With reference again to FIG. 1A, cylindrical briquettes
102 are arranged on briquette tray 104 so that space 108
allows air flow between briquettes, which provides oxygen
necessary for combustion of the briquette faces. Space 108
allows maximal heat exchange between briquette faces.

It should be understood, however, that optimal space 108
may vary depending on the composition of the briquette, the
briquette density, and stove design. In some embodiments,
space 108 is less than 1 cm, 50 mm, 30 mm, 20 mm, 15 mm,
10 mm, or 5 mm. In other embodiments, space 108 is about
1-30 mm, 1-15 mm, 5-10 nm, 5-30 mm, or 5-15 mm.

With reference again to FIG. 1A, cylindrical briquettes
102 are arranged on briquette tray 104 so that a main face of
one cylindrical briquette is parallel to a main face of an
adjacent briquette in a given row. The cylindrical briquettes
in the different rows do not collide against each other, such
that there is a space 110. In some embodiments, space 110
is less than 1 cm, 50 mm, 20 mm, 15 mm, 10 mm, or 5 mm.
In other embodiments, space 110 is about 1-20 mm, 1-15
mm, 5-10 mm, 5-20 mm, or 5-15 mm. It should be under-
stood that space 110 may not exist in other exemplary
embodiments where there is only one row of two or more
briquettes, or where square or rectangular briquettes are
used.

Spaces 108 can be optimized to control air flowing
between adjacent briquettes. Improved air flow between the
briquettes help improve the radiative combustion of the
briquettes, which reduces smoke and increases the tempera-
ture of the fire. In some embodiments, radiative combustion
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refers to the transfer of heat from one main face of a
briquette that is burning to the opposite main face of an
adjacent briquette.

Briquette platform 106 can further control air flowing
between the briquettes by raising briquette tray 104 above
the ground. With reference to FIG. 1A, briquette platform
106 has multiple pores 116. The pores of the briquette
platform can be of any size and shape. The pores may, for
example, be round or rectangular slots. In certain embodi-
ments in which the pores are round, the pores may have a
diameter between about 20 mm to about 50 mm.

Briquette platform 106 may be made of different materials
including, for example, cast iron, steel, or ceramics.

With reference again to FIGS. 1A and 1B, briquette tray
104 rests on top of briquette platform 106 to improve air
flowing upwards from the ground or the bottom of a cooking
apparatus through the spaces between the briquettes. It
should be understood, however, that in other exemplary
embodiments, briquette tray 104 is optional.

With reference to FIGS. 2A and 2B, in another exemplary
arrangement, rectangular briquettes 202 are arranged side-
by-side directly on briquette platform 204. Briquette 202 has
two main faces 202A and four side faces 202B. It should be
understood that when rectangular briquettes are used in the
methods described herein, the use of a briquette tray is
optional.

Briquettes 202 are arranged in one row, so that a main face
of one rectangular briquette is parallel to a main face on an
adjacent briquette in the row. Space 206 allows air flow
between briquettes, which provides oxygen necessary for
combustion of the briquette faces. Space 206 allows maxi-
mal heat exchange between briquette faces. It should be
understood, however, that optimal space 206 may vary
depending on the briquettes recipe, briquettes density, and
stove design. In some embodiments, space 206 is less than
1 cm, 50 mm, 30 mm, 20 mm, 15 mm, 10 mm, or 5 mm. In
other embodiments, space 206 is about 1-30 mm, 1-15 mm,
5-10 nm, 5-30 mm, or 5-15 mm.

While FIGS. 1A and 1B depict the use of cylindrical
briquettes and FIGS. 2A and 2B depict the use of rectangular
briquettes, it should be understood that the briquettes used in
the method and the apparatus described herein may be of any
size and/or shape. It should be understood that the size of the
briquettes used in the method and apparatus described may
vary depending on the desired size of the fire, or the size of
the apparatus (e.g., the cooking stove).

For example, cylindrical briquettes 102 typically have
radius 112 of 10 cm, and width 114 of 3 c¢cm. In other
embodiments, radius 112 is about 6 cm, 8 ¢cm, 12 cm or 14
cm. In other embodiments, width 114 is about 1 cm, 2 cm,
4 cmor 5 cm.

In another example, rectangular briquettes 202 typically
have height 208 of 10 cm, and width 210 of 10 cm. In other
embodiments, height 208 is about 6 cm, 8 cm, 12 cm or 14
cm. In other embodiments, width 210 is about 6 cm, 8 cm,
12 cm or 14 cm.

In yet other embodiments, the briquettes may be hand-
pressed and may have an irregular shape.

An exemplary method for burning low-density briquettes
is illustrated in FIGS. 3A and 3B. With reference to FIG. 3A,
eight cylindrical briquettes 102, hand-pressed from urban
waste materials, are arranged in two rows on briquette tray
104. Adjacent briquettes within each row are arranged about
10-15 mm apart and adjacent rows of briquettes are also
arranged about 10-15 mm apart. Briquette tray 104 rests on
briquette platform 106, which raises the briquette tray sev-
eral inches above the ground.
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Raising briquette tray 104 several inches above the
ground allows for better control of air flow between bri-
quettes. Specifically, this arrangement allows for improved
mixing and proportion of combustion gases such combus-
tible gases from the fuel and oxygen in the air, which in turn
improves combustion.

Briquettes 102 may be ignited by any methods known in
the art. For example, with reference to FIG. 3B, briquettes
102 can be ignited from the bottom by placing a starter
material, such as paper, in the space between briquette tray
104 and briquette platform 106. In other exemplary embodi-
ments, one or more briquettes may be ignited using twigs,
kerosene, or other combustible materials. Further, it should
be understood that the one or more briquettes may be ignited
from the bottom, the top, or both.

An exemplary cooking apparatus that employs the method
described herein is illustrated in FIGS. 4A and 4B. As
described below, apparatus 400 includes combustion cham-
ber 402, which may be made of a combination of insulative
and refractory material and may be different size to accom-
modate the desired heating power of the stove.

Air inlet 404 controls the air flow into the combustion
chamber, which can be used to improve combustion effi-
ciency. Eight cylindrical briquettes 406 are arranged on
briquette platform 408, which sits inside combustion cham-
ber 402. Apparatus 400 includes briquette tray 408, which
sits on briquette platform 410. Briquette tray 408 can be
useful to hold cylindrical briquettes or irregularly-shaped
briquettes in place. In other exemplary embodiments, for
example when rectangular briquettes are used, the briquette
tray may be optional and rectangular briquettes may be
arranged directly on the briquette platform.

As discussed above, briquettes 406 are arranged side-by-
side in one or more rows, depending on the size of the
cooking apparatus, to increase heat exchange between bri-
quettes. In some embodiments, the briquettes are arranged
so to exceed 500° C. inside the combustion chamber when
burned.

Cooking housing 412 sits above the combustion chamber,
and is configured to receive a cooking utensil such as, for
example, a cooking plate, a grill, a pot, a wok, or a Dutch
oven.

In some embodiments, the average combustion power
generated using the method described herein is at least 2, at
least 3, at least 4, at least 5 or at least 10 times the average
combustion power generated compared to when the bri-
quettes are arranged randomly. In certain embodiments, the
average combustion power generated using the method
described herein is at least 10 kW, at least 15 kW, at least 20
kW, at least 25 kW, or at least 30 kW.

In other embodiments, the average power generated using
the method described herein is at least 2, at least 3, at least
4, at least 5 or at least 10 times the average power achieved
generated compared to when the briquettes are arranged
randomly. In certain embodiments, the average power gen-
erated is at least 3 kW, at least 4 kW, at least 5 kW, at least
6 kW, at least 7 kW, at least 8 kW, at least 9 W, or at least
10 kW. In other embodiments, the average power generated
is between 3 and 10 kW, or between 5 and 8 kW.

In yet other embodiments, the method described herein
can generate enough power to raise the temperature of water
to at least 70° C., at least 80° C., at least 90° C., or at least
100° C. In certain embodiments, the method described
herein can generate enough power to raise the temperature
of water between 70° C. and 110° C., or between 80° C. and
105° C., or between 90° C. and 100° C.
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In yet other embodiments, the method described herein
can generate enough power to bring a pot of water to boil in
half the time it takes compared to when the briquettes are
arranged randomly.

EXAMPLES

The following Examples are merely illustrative and are
not meant to limit any aspects of the present disclosure in
any way.

Example 1
Heating Power by Radiative Combustion

This example demonstrates that biomass briquettes
burned in an arrangement that maximizes heat exchange by
radiative combustion yields more power than biomass bri-
quettes burned in a random arrangement.

Random Burning:

Fifteen cylindrical briquettes were positioned randomly in
the combustion chamber of a cooking stove. A fire was
started in the combustion chamber. An 80 L pot of water was
placed on the cooking housing that sat above the combustion
chamber. The temperature of the water in the pot was
observed to slowly increase at an average rate of 0.7°
C./min. The temperature was observed to continually
increase, but the rate of increase gradually slowed down.
When the temperate reached 67° C., the temperature was
observed to stop increasing. The power coming out of the
briquettes combustion did not appear to exceed the heat loss
from the pot. The average briquettes combustion power was
8.3 KW. After the temperature reached 67° C., additional
briquettes were added to the combustion chamber; however,
the temperature was not observed to increase any further
even when additional briquettes were added.

Radiative Combustion:

Thirty cylindrical briquettes were placed on a briquette
tray in two rows. In each row, the cylindrical briquettes were
arranged so that the main face of one briquette was parallel
to, and about 5 mm away from, the main face of the adjacent
briquette. Such an arrangement maximized radiative heat
exchange between briquettes. The heating rate was observed
to start much higher, at 2.2° C./min. This heating rate was
nearly 3 times faster than the rate observed in the random
burning experiment above. The 80 L pot of water was able
to boil (i.e., reach 100° C.) in 35 minutes. The average
briquettes combustion power was 28.6 KW.

Table 1 below summarizes the comparative data from the
random burning experiment versus the radiative combustion
experiment.

TABLE 1
Data comparing effect of random burning versus radiative combustion

Random Radiative

Burning Combustion
Amount of water (L) 50 50
Start Temperature (° C.) 23 23
End Temperature (° C.) 67 100
Time (min) 60 35
Average temperature increase (° C./min) 0.7 2.2
Average power delivered to pot (kW) 2.6 7.7
Average combustion power (kW) 8.3 28.6

Thus, the burning of briquettes that are randomly
arranged does not generate enough power to boil a pot of
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water. When briquettes are arranged to achieve radiative
combustion, the pot of water reached boiling temperatures in
half the amount of time. The average power observed in the
radiative combustion experiment was surprisingly almost
3.5 times the average power observed in the random burning
experiment.

What is claimed is:
1. A method for burning biomass briquettes, comprising:
a) providing two or more biomass briquettes, wherein
each biomass briquette has two main faces and one or
more side faces;
b) arranging the two or more biomass briquettes in one or
more rows to increase heat exchange between adjacent
biomass briquettes in each row,
wherein each biomass briquette is placed on a side face
so that a main face of one biomass briquette faces a
main face of an adjacent biomass briquette in each
row,

wherein a space exists between the main faces of
adjacent biomass briquettes in each row, and

wherein the space between the main faces of adjacent
biomass briquettes in each row is between 1 mm and
50 mm;
¢) igniting at least one biomass briquette; and
d) creating a fire from burning of the two or more biomass
briquettes.
2. The method of claim 1, wherein the two or more
biomass briquettes are cylindrical briquettes, wherein the
cylindrical briquettes have two main faces and one side face.
3. The method of claim 1, wherein the two or more
biomass briquettes are rectangular briquettes, wherein the
rectangular briquettes have two main faces and four side
faces.
4. The method of claim 1, wherein each biomass briquette
independently has a density of less than 0.6 g/cm®.
5. The method of claim 4, wherein each biomass briquette
independently has a density between 0.1 g/cm® and 0.5
g/em®.
6. The method of claim 5, wherein each biomass briquette
has a density of about 0.3 g/cm®.
7. The method of claim 1, wherein the space between
adjacent biomass briquettes is between 5 mm and 30 mm.
8. The method of claim 1, wherein each biomass briquette
independently comprises urban waste, agricultural waste, or
a combination thereof.
9. The method of claim 8, wherein the urban waste
comprises paper, cardboard, sawdust, or a combination
thereof.
10. The method of claim 8, wherein the agricultural waste
comprises animal processing waste, cellulosic materials, or
a combination thereof.
11. The method of claim 1, wherein the fire has a
temperature of at least 500° C.
12. A cooking apparatus, comprising:
a combustion chamber;
an air inlet, wherein the air inlet controls the flow of air
into the combustion chamber;
a briquette platform, wherein the briquette platform is
located inside the combustion chamber configured to
receive two or more biomass briquettes,
wherein the two or more biomass briquettes are
arranged on the briquette platform in one or more
rows to increase heat exchange between adjacent
biomass briquettes in each row,

wherein each biomass briquette has two main faces and
one or more side faces,
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wherein each biomass briquette is placed on a side face
so that a main face of one biomass briquette faces a
main face of an adjacent biomass briquette in each
row,
wherein a space exists between the main faces of 5
adjacent biomass briquettes in each row, and
wherein the space between the main faces of adjacent
biomass briquettes in each row is between 1 mm and
50 mm; and
a cooking housing, wherein the cooking housing sits
above the combustion chamber.
13. The apparatus of claim 12, wherein the briquette

10

platform comprises one or more holes to control airflow.

14. The apparatus of claim 12, wherein the space between

adjacent biomass briquettes on the briquette platform is
between 5 mm and 30 mm.

15

15. The apparatus of claim 12, further comprising a

briquette tray,

wherein the briquette tray is placed on top of the briquette
platform inside the combustion chamber, and
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wherein the two or more biomass briquettes are arranged

on the briquette tray.

16. The apparatus of claim 12, wherein the cooking
housing is configured to receive a cooking utensil selected
from the group consisting of a cooking plate, a grill, a pot,
a wok, and a Dutch oven.

17. The apparatus of claim 12, wherein the temperature
inside the combustion chamber is at least 500° C.

18. The apparatus of claim 12, wherein the two or more
biomass briquettes comprise urban waste, agricultural
waste, or a combination thereof.

19. The apparatus of claim 18, wherein the urban waste
comprises paper, cardboard, sawdust, or a combination
thereof.

20. The apparatus of claim 18, wherein the agricultural
waste comprises animal processing waste, cellulosic mate-
rials, or a combination thereof.

#* #* #* #* #*



